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ABSTRACT 

Two poss ib l eamendmen t s  t o  t h e  1969 Mar ine r  Mars 
f l y b y  t e l e v i s i o n  expe r imen t  m i s s i o n  p l a n  are s u g g e s t e d .  The 
f i r s t  i n v o l v e s  o r i e n t a t i o n  of  t h e  r e c t a n g u l a r  f i e l d  o f  v iew 
of t h e  h i g h  r e s o l u t i o n  v i d i c o n  t u b e  t o  o p t i m i z e  chances  o f  
i n c l u d i n g  t h e  moons o f  Mars i n  t h e  p l anned  sequence  o f  fa r -  
e n c o u n t e r  p n o t o s  of tile I ' u l l  :kies d l s k .  The sezsr,d suggest inr!  
i s  t o  p r o v i d e  m u l t i s p e c t r a l  f u l l  p l a n e t  imagery of  Mars r a the r  
t h a n  t h e  p l anned  b l a c k  and w h i t e  s equence .  T h i s  would i n v o l v e  
e i the r  add ing  c o l o r  f i l t e r s  t o  t h e  B camera f o r  i t s  p l anned  

two f i l t e r s  b u t  i s  c u r r e n t l y  r e s e r v e d  f o r  t h e  n e a r - e n c o u n t e r  
s equence .  A s  o p e r a t i o n a l  c o n s t r a i n t s  may p r e c l u d e  any f u l l  
p l a n e t  photography from fol low-on Mars o r b i t e r s ,  t h e  far- 
e n c o u n t e r  phase  o f  t h e  '69 m i s s i o n  may be t h e  l a s t  o p p o r t u n i t y  
f o r  f u l l  p l a n e t  m u l t i s p e c t r a l  imagery from Mars s p a c e c r a f t  
f o r  many years.  
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I. I N T R O D U C T I O N  

A .  Background 

The t h ree  s c i e n t i f i c  o b j e c t i v e s  f o r  t h e  1969 Mar ine r  

Mars f l y b y  t e l e v i s i o n  exper iment  '" can  b e  b r i e f l y  summarized 
as t h e  a c q u i s i t i o n  o f  data b e a r i n g  on:  ( a )  topography and 
s e a s o n a l  v a r i a t i o n s  of  t h e  p i a n e i  sur l^ace ;  ( ' u j  tile planet 
nrfgfn; 2nd ( c )  crater morphology (as  a c l u e  t o  p l a n e t  h i s t o r y ) .  
The m i s s i o n  i s  p l a m e d  t o  c o n s i s t  o f  2 s p a c e c r a f t  t o  b e  l aunched  
d u r i n g  t h e  p e r i o d  Februa ry  - A p r i l ,  1 9 6 9 .  j2j 
w i l l  p a s s  t h e  p l a n e t  a t  h i g h  s o u t h e r n  l a t i t u d e s  t o  pho tograph  
t h e  p o l a r  cap  r e g i o n  i n  t h e  s p r i n g  s e a s o n .  The o t h e r  s p a c e c r a f t  
w i l l  pass n e a r  t h e  e q u a t o r i a l  r e g i o n .  Nominal p e r i a p s i s  a l t i t u d e  
i s  a b o u t  3000 k m  (~10,000 km f o r  Mar ine r  I V ) .  

One s p a c e c r a f t  

The t e l e v i s i o n  exper iment  w i l l  u s e  two b o r e s i g h t e d  
v i d i c o n  cameras .  Camera A h a s  a wide  f i e l d  of  view (1lox14") 
w i t h  t h e  camera B f i e l d  of view (1.1'~ 1.4') l o c a t e d  a t  i t s  
c e n t e r .  Both cameras  have 7 0 4  TV l i n e s / f r a m e  d i g i t a l l y  encoded 
t o  9 4 5  p i c t u r e  e l e m e n t s / l i n e . ( 3 )  
p r o v i d e d  w i t h  o range  and g r e e n  f i l t e r s .  Presumably t h e s e  are  
similar t o  t he  Mar ine r  I V  c o l o r  f i l t e r s .  The narrow a n g l e  camera 
takes  o n l y  b l a c k  and whi te  imagery.  

The w i d e  a n g l e  camera i s  

The p h o t o g r a p h i c  m i s s i o n  c o n s i s t s  o f  a f a r - e n c o u n t e r  
U l l U  ond nnon,nnrmln+-nv A A . . W I  u * . ""u* *" I~  c ~ n i i ~ n c ~  L W Y  - - -___ The fa . r -encoi in te r  sequence  i s  
d e s i g n e d  t o  p r o v i d e  f u l l  p l a n e t  b l a c k  and w h i t e  p i c t u r e s  of 
Mars. Approximately e i g h t  p i c t u r e s  w i l l  be t a k e n  a t  4 hour 
i n t e r v a l s  w i t h  Camera B d u r i n g  t h e  p e r i o d  from 4 6  t o  I& h o u r s  
b e f o r e  p e r i a p s i s  p a s s a g e .  The n e a r - e n c o u n t e r  sequence  w i l l  
c o n s i s t  o f  two phases l a s t i n g  a t o t a l  o f  1 8  m i n u t e s  as t h e  
s p a c e c r a f t  p a s s e s  t h e  p l a n e t .  The f i r s t  c o n s i s t s  Of  a sequence  
of  17 p i c t u r e s  a t  a c o n s t a n t  phase  a n g l e  of abou t  45', 
w i t h  t h e  second be ing  a sequence of  8 p i c t u r e s  a t  a 
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p h a s e  a n g l e  of a b o u t  90" (all Mar ice r  IV - i r i ; i q - s  werc ct a 
p h a s e  a r g l e  of abou2 6 0 " ) .  The w i d e  a n g l e  n i c t i l r e s  w i l l  b e  
p a r t i a l l y  o v e r l a p p i n g  and w i l l  a l t c r n a t e l ;  ~ J , - F  t h e  o range  and 
g r e e n  f i l t e r s .  The h i g h  r e s o l u t i o n  n a r r o v  -,n -1 e p i c t u r e s  tiill 
b e  n e s t e d  i n  t h e  low r e s o l u t i o n  overlay,  r c ; ' o n .  

B .  Purpose  

The pu rpose  o f  th is  pape r  i.s tc; , ijint. o u t  two 
Z d d i t i o n a l  p o s s i b i l i t l e s  f o r  enhancjnp  t h t :  data r e t u r n  from 
t h e  Mar ine r  '69 t e l e v i s i o n  experimen5.  Both of t h e s e  oppor-  
t u n i t l e s  o c c u r  d u r i n g  t h e  f a r - e n c o u n t e r  pha::ci o f  t h e  photo-  
g r a p h i c  m i s s i o n ,  a l t h o u g h  t h e r e  a r e  r a v i f i c : l t i o n s  which coulc .  
b e  pu r sued  d u r i n g  t h e  nea r -encoun te r  p h a s e .  The f i r s t ,  p o s s i b i l i t y  
d i s c u s s e d  c o n s i d e r s  s e i e c t i n g  the o r i e n t a t i o n  of t h e  r e c t a n g u l a r  
f i e l d  of view o f  t h e  Camera F v i d i c c i i  t u b e  t o  rnaxi rn ize  t h e  
ckiances for d e t e c t i n g  t h e  n z t u r a l  s a t e l l i t e s  cf' Mars a t  t h e  
t i m e  when f u l l  p l a n e t  b l a c k  and w h i t e  p h c t o p r a p h s  a!-e normRlly 
b e i n g  t a k e n .  The secGnd p o s s i b i l i t y  i s  t h e  a c q u i s i t i o n  cf 

check  on e a r t h - b a s e d  da t a  which h a s  r ~ ~ v e a l e d  a. p l a n e t  d t a m e t e r  
t h a t  a p p e a r s  to v a r y  w i t h  c o l o r .  I t  :;ii(-J1iLci R I s c  ~ I ~ O ' J F ?  v a l u a l - ) l e  
i n  t h e  i n t e r p r e t a t i o n  of t h e  near-er!couriter m u l t i s p e c t r a l  
p h o t o s  of t h e  '69 m l s s i c ' n .  

full pilaiict f i i u l t l s p e c t x ' a i  p l ~ i ~ J t w ~ i ~ . ~ ~ ~ i i c y  . m I r l i s  1 wouiCi p r d o v i d r  a 

11. PHOTOGRAPHY OF THE PSARTIAN MOONS 

A t  1 8  h o u r s  b e f o r e  encourl ter  y'!ars j u s t  fills t h e  
field of  view of t h e  narroTvr a n g l e  hI-gh r e s o l u t i o n  camera.  A t  
t h i s  t i m e  t h e  a n g u l a r  r e s o l u t i o n  on t h e  s u r f a c e  of Plars i s  a b o u t  
1 0  km p e r  s c a n  l i n e .  S i n c e  t h e  moons ? r e  abou t  fine scan  l i n e  
wide (Phobos j.s e s t i m a t e d  a t  19 Itm i n  d i a m e t e r  and Diemos a t  
1 0  km), t h e y  s h o u l d  b e  d e t e c t e d  as sma l l  p o i n t s  of l i g l , t  i f  t h e y  
a re  w i t h i n  t h e  f i e l d  o f  view aiid a g a i n s t  t h e  d a r k  s k y  background.  
T h i s  assumes t h a t  t h e  h lbedo of  t h e  moons i s  approx ima te ly  t h e  
same as Mars. The moons of  Mars do n o t  show up on e a r t h - b a s e d  
pho tographs  of Mars because  they  a r e  milch srraller t h a n  t h e  r e s o -  
l u t i o n  o f  t h e s e  p i c t u r e s .  It i s  n e c e s s a r y  t o  g r e a t l y  ove rexpose  
Mars t o  d e t e c t  t h e  moons i n  e a r t h - b a s e d  p h o t o g r a p h s .  

The p r o b a b i l i t y  of  e i t h e r  o f  t h e  two moons b e i n g  
w i t h i n  t h e  f i e l d  o f  view and a g a i n s t  t h e  s k y  background depends  
on when t h e  p i c t u r e  i s  t a k e n  and the o r i e n t a t i o n  o f  t h e  r e c t a n g u l a r  
f o r m a t .  The t i m e  o f  t h e  exposures  I s  p robab ly  f i x e d  by  o t h e r  
c o n s i d e r a t i o n s  such  as  g e t t i n g  good l o n g i t u d e  cove rage  of' t h e  
p l a n e t ,  but t h e  f o r n a t  O r i e n t a t i o n  migh t  b e  s e l e c t e d  t o  f a v o r  
photography of t h e  moon.* 

*The o r i e n t a t i o n  of  t h e  r e c t a n g u l a r  format  f o r  t h e  wide 
a n g l e  p i c t u r e s  w i l l  p robab ly  be s e l e c t e d  to a c h i e v e  maximum 
o v e r l a p .  The nar row a n g l e  camera,  howrver ,  sl iould have a l e s s  
c o n s t r a i n e d  o r i e n t a t i o n .  
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The moons r o t a t e  abou t  Mars i n  v e r y  n e a r l y  t h e  
e q u a t o r i a l  p l a n e  and s i n c e  t h e  approach  t r a j e c t o r y  i s  n e a r  
t h e  e q u a t o r i a l  p l a n e ,  t h e  moons s h o u l d  a p p e a r  t o  be moving 
i n  v e r y  e l o n g a t e d  e l l i p s e s  around Mars. O r i e n t i n g  t h e  
r e c t a n g u l a r  fo rma t  so t h a t  a d i a g o n a l  1.s p a r a l l e l  t o  t h i s  
e l o n g a t e d  e l l i p s e  maximizes t h e  p r o b a b i l i t y  o f  c a t c h i n g  t h e  
moons i n  a pho tograph .  F i g u r e  1 shows t h e  p r o b a b i l i t y  of  
p h o t o g r a p h i n g  t h e  moons i n  a : i n g l e  random* p i c t u r e  t a k e n  
when t h e  p l a n e t  diameter s u b t e n d s  1.l0, i . e . ,  when t h e  p l a n e t  
f i l l s  t h e  f i e l d  o f  view.  These p r o b a b i l i t i e s  were c a l c u l a t e d  
u s i n g  t h e  s i m p l i f y i n g  a s sumpt ion  t h a t  t h e  approach  a sympto te  
i s  i n  t h e  o r b i t  p l a n e  o f  the moons. T h i s  makes t h e  moons 
a p p e a r  t o  move back  and f o r t h  i n  a s t r a i g h t  l i n e  r a t h e r  t h a n  
a nar row e l i p s e .  The maximum a t  37 .6O o c c u r s  when t h i s  l i n e  
o f  mot ion  c o i n c i d e s  w l t h  a d i a g o n a l  of  t h e  f o r m a t .  The most 
f a v o r a b l e  a n g l e  may be  somewhat d i f f e r e n t  i f  t h e  a c t u a l  
approach  geometry i s  u s e d ,  bu t  c l e a r l y  t h e  chances  o f  photo-  
g r a p h i n g  t h e  moons can  b e  improved by o r i e n t i n g  t h e  fo rma t  
p r o p e r l y  b e f o r e  t h e  m i s s i o n  i s  f lown .  

If t h e  '69 Mariner camera u s e s  an  e l e c t r o s t a t i c  
v i d i c o n  t u b e  l i k e  t h e  ' 6 4  camera,  t h e  o r i e n t a t i o n  of t h e  
fo rma t  i s  de te rmined  b y  t h e  o r i e n t a t i o n  of  t h e  t u b e  w i t h i n  
t h e  camera.  Changing the  o r i e n t a t i o n  i n v o l v e s  r o t a t i n g  
t h e  v i d i c o n  t u b e  and i t s  s o c k e t .  Thus t h e  fo rma t  o r i e n t a t i o n  
migh t  b e  changed w i t h o u t  g r e a t  d i f f i c u l t y  even  a f t e r  t h e  
cameras  are  b u i l t .  

111. FULL PLANET MULTISPECTRAL IMAGERY OF MARS 

A .  S c i e n t i f i c  Value 

M u l t i s p e c t r a l  f u l l  p l a n e t  pho tographs  of  Mars a t  an  
improved r e s o l u t i o n  c o u l d  be  used  t o  make advances  i n  a number 
of  i m p o r t a n t  areas, n o t a b l y  i n  t h e  s t u d y  of  v a r i o u s  a tmosphe r fc  
and s u r f a c e  phenomena and i n  t h e  d e t e r m i n a t i o n  o f  t h e  r a d i u s  of  
t h e  s o l i d  p l a n e t a r y  body. I n  a d d i t i o n ,  by  p r o v i d i n g  i n f o r m a t i o n  
a b o u t  t h e  c o l o r  p r o p e r t i e s  of  t h e  p l a n e t ,  such  p h o t o s  c o u l d  
be used  as r e f e r e n c e s  w i t h  which t o  compare and i n t e r p r e t  lower  
r e s o l u t i o n  earth-based t e l e s c o p i c  pho tographs  c o v e r i n g  a much 
more e x t e n s i v e  r a n g e  of c o n d i t i o n s  a t  t h e  p l a n e t .  

Measurements by sone a u t h o r s  have  i n d i c a t e d  t h a t  t h e  
a p p a r e n t  r a d i u s  o f  Mars i s  g r e a t e r  i n  y e l l o w  and b l u e  l i g h t  

*Random i n  t h e  s e n s e  t h a t  no knowledge o f  t h e  a b s o l u t e  
p o s i t i o n  o f  t h e  moons i s  assumed. 
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t h a n  i n  r ed  and s u g g e s t  t h a t ,  a t  t h e  fo rmer  w a v e l e n g t h s ,  atmos- 
p h e r i c  l a y e r s  a re  b e i n g  obse rved  a t  t h e  l i m b .  Measurements of 
r a d i u s  a re  d i f f i c u l t  t o  per form a c c u r a t e l y  and i t  i s  n o t  c l e a r  
t h a t  such  a n  i n t e r p r e t a t i o n  of  t h e  measured v a l u e s  i s  j u s t i f i e d .  
M u l t i s p e c t r a l  pho tographs  cf much h i g h e r  r e s o l u t i o n  t h a n  i s  
p r e s e n t l y  a v a i l a b l e  c o u l d  b e  used  t o  o b t a i n  a more a c c u r a t e  
v a l u e  f o r  t h e  M a r t i a n  r a d i u s  and t o  l e a r n  more about  t h e  
a tmosphe re  above t h e  l i m b .  

T e l e s c o p i c  pho tographs  o f  Mars t a k e n  t h r o u g h  
a p p r o p r i a t e  f i l t e r s  r e v e a l  a number of  a t m o s p h e r i c  phenomena 
i n c l u d i n g  y e l l o w  and w h i t e  c l o u d s  and t h e  remarkable " b l u e  h a z e . "  
A s  a r e s u l t  o f  t h e  haze ,  t h e  s u r f a c e  f e a t u r e s  ( e x c e p t  t h e  p o l a r  
c a p s )  a r e  a lmos t  e n t i r e l y  obscured  i n  b l u e  l i g h t ,  b u t  on o c c a s i o n ,  
i n t e r e s t i n g  "weather bands"  have been  o b s e r v e d .  High r e s o l u t i o n  
m u l t i s p e c t r a l  pho tographs  o r  t h e  p l a n e t  as a whole a re  p r o b a b l y  
t h e  key t o  t h e  a t t a i n m e n t  of a r e a s o n a b l e  u n d e r s t a n d i n g  of  t h e  
n a t u r e  of  t h e  M a r t i a n  a tmosphere .  

filthniigh ?--e cclr\ratr~r\n sf Mzrs is +~.i-~~cae~ h77 
Y J  -.------ 

t h e  r e d  d e s e r t s  and t h e  w h i t e  p o l a r  c a p s ,  v i r t u a l l y  e v e r y  okher  
c o l o r  has been r e p o r t e d  t o  have been s e e n ,  e s p e c i a l l y  w i t h i n  
t h e  mare r e g i o n s .  E a r s  i s  s u b j e c t  k c  s e a s ~ n a l  v a r i a t i c n s  cf 
a l b e d o  and,  a p p a r e n t l y ,  o f  color l e a d i n g  t o  s p e c u l a t i o n  a b o u t  
t h e  p o s s i b l e  p r e s e n c e  of l i f e  fo rms .  It  s h o u l d  be  no ted  t h a t  
t h e  s u r f a c e  of  Mars can  be photographed  i n  b l u e  l i g h t  o n l y  
t h r o u g h  c l e a r i n g s  i n  t h e  " b l u e  haze"  which g e n e r a l l y  o c c u r  
l o c a l l y , a n d  i t  f s l i k e l y  t h a t  t h e  g r e a t e s t  chance  of f i n d i n g  
such  c l e a r i n g s  i s  t o  b e  o b t a i n e d  by  full p l a n e t  pho tography .  

B. The ' 6 9  Mar iner  Oppor tun i ty  

There a re  a t  l e a s t  two t e c h n i q u e s  f o r  u s i n g  t h e  
'69 Mar ine r  t e l e v i s i o n  d a t a  t o  improve on t h e  d e t e r m i n a t i o n  
of  t h e  d i a m e t e r  of Mars. The one which employs f u l l  p l a n e t  
m u l t i s p e c t r a l  pho tos  i s  p robab ly  l e s s  a c c u r a t e  b u t  does  g i v e  
data o v e r  t h e  e n t i r e  v i s i b l e  d i s k .  T h i s  t e c h F i q u e  would 
employ p h o t o s  t a k e n  w i t h  t h e  wide a n g l e  camera (Camera A )  
u s i n g  c o l o r  f i l t e r s  a t  t h e  t i m e  when t h e  p l a n e t  n e a r l y  f i l l s  
t he  f i e l d  o f  view.  T h i s  v i d i c o n  has a r e s o l u t i o n  a t  t h e  p l a n e t  
o f  a b o u t  27 km/l ine  p a i r  (assuming .35  l i n e  p a i r s / s c a n  l i n e ) .  
It s h o u l d  be  p o s s i b l e  t o  measure t h e  p l a n e t  d i a m e t e r  t o  a t  
l e a s t  t h e  r e s o l u t i o n  o f  one l l n e  p a i r .  

T h i s  q u a l i t y  o f  i n f o r m a t i o n  s h o u l d  r e p r e s e n t  some 
imtxovement o v e r  t h e  c u r r e n t  s t a t e  of  a f f a i r s  i n  earth-based 

has recommended p r o v i s i o n a l  a c c e p t a n c e  of  t h e  f o l l o w i n g  s e t  
o f  v a l u e s  : 

a t t e m p t s  t o  d e t e r m i n e  t h e  Mars diameter.  D e  Vaucouleurs  ( 4 )  
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E q u a t c r i a l  diameter in red  l i g h t  ,-.6750 20 km 

P o l a r  diameter i n  r e d  l i g h t  a6700 * 20 kx 

The i n t e r p r e t a t i o n  i s  t h a t  t h e s e  v a l u e s  p o r t r a y  
t h e  s o l i d  s u r f a c e .  T e l e s c o p i c  o b s e r v a t i o n s  i n  ye l low l i g h t  
r e v e a l  an  e q u a t o r i a l  d i a m e t e r  approx ima te ly  1 0 0  km l a r g e r ,  
w i t h  a c o r r e s p o n d i n g  i n c r e a s e  o f  abou t  7 0  km i n  t h e  p o l a r  
d i a m e t e r .  T h i s  i s  assumed t o  r e f l e c t  some s c a t t e r i n g  p r o p e r t y  
of  t h e  lower a tmosphere  which was n o t  a p p a r e n t  i n  r ed  l i g h t .  

By c o n t r a s t  t h e  Mariner I V  r a d i o  o c c u l t a t i o n  
expe r imen t  y i e l d e d  a v a l u e  f o r  t h e  Mars diameter of  abou t  
6763* km a t  m i d - l a t i t u d e s  (40-60'). Presumably t h i s  v a l u e  
s h o u l d  be  i n t e r m e d i a t e  between t h e  p o l a r  and e q u a t o r i a l  s o l i d  
p l a n e t  diameters recommended b y  de Vaucou leu r s ,  i . e . ,  about 
6725  km. Fur the rmore ,  it shoi i ld  h e  p o i n t e d  n1.1.'~ that. 
d e  Vaucou leu r s '  su rvey  of  e x p e r i m e n t a l  r e s u l t ; ;  on t h e  de t e r -  
m i n a t i o n  of  t h e  Mars d i a m e t e r  r e v e a l s  a d i f f e r e n c e  of  o v e r  
2 G G  krr~ b e t w e e n  exireme v a l u e s ,  a l t h o u g h  most have a n  e s t ima ted .  
error of  o n l y  s e v e r a l  t e n s  o f  k i l o m e t e r s .  I n  view o f  this 
d e g r e e  o f  u n c e r t a i n t y ,  i t  would seem t h a t  f u l l  p l a n e t  p h o t o s  
w i t h  s e v e r a l  d i f f e r e n t  f i l t e r  s e t t i n g s  t a k e n  d u r i n g  t h e  f a r -  
e n c o u n t e r  phase  of t h e  ' 6 9  Mar iner  f l y b y  would b e  more d e f i n i t i v e .  

A second t e c h n i q u e  f o r  o b t a i n i n g  t h e  Mars diameter 
from t e l e v i s i o n  expe r imen t  r e s u l t s  d o e s  n o t  r e q u i r e  f u l l  d i s k  
photography and hence  can  u s e  h i g h e r  r e s o l u t i o n  data  f o r  a 
more a c c u r a t e  diameter d e t e r m i n a t i o n .  The t e c h n i q u e  r e q u i r e s  
knowledge o f  t h e  s p a c e c r a f t  p o s i t i o n  and t h e  d i r e c t i o n  of  t h e  
camera ax is  a t  t h e  t i m e  o f  nea r -encoun te r  l i m b  pho tography .  
With a nominal  p e r i a p s i s  a l t i t u d e  o f  3 0 0 0  km, t h e  l i m b  can  
b e  photographed  a t  a r a n g e  o f  abou t  6 4 0 0  km. Using t h e  wide 
a n g l e  camera t h e  r e s o l u t i o n  a t  t h e  l i m b  would be abou t  5 km/ l ine  
p a i r .  Assuming a s p a c e c r a f t  l o c a t i o n  a c c u r a c y  of  a few k i l o m e t e r s  
( r e l a t i v e  t o  t h e  Mars c e n t e r  of g r a v i t y )  and a camera p o i n t i n g  
a c c u r a c y  o f  abou t  1 m i l l i r a d i a n ,  t h e  r a d i u s  c o u l d  be de te rmined  
w i t h  a n  e r r o r  o f  abou t  1 0  km. I f  t h e  s p a c e c r a f t  l o c a t i o n  2,ccuracy 
were a k i l o m e t e r  or l e s s  and t h e  camera p o i n t i n g  u n c e r t a i n t y  were 
more l i k e  0 . 1  m i l l i r a d i a n s ,  i t  would he w o r t h  i i s lng  the narrnw 
a n g l e  camera (Camera B) which h a s  a f a c t o r  of  1 0  b e t t e r  r e s o l u t i o n .  

( 5 )  *Two v a l u e s  for t h e  r a d i u s  were a c t u a l l y  d e t e r m i n e d :  
3384 f 4 km on e n t r y  and 3379 * 4 km on e x i t  from o c c u l t a t i o n .  
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Uncertainty in the radius determination riight approach 1 km 
in this case. Without the addition of filters to Camera B, 
however, this would not provide data on the multispectral 
properties of the atmosphere above the limb. 

Far-encounter multispectral imagery on the '69 
Mariner could also provide an order of magnitude improvement 
in resolution for Mars color photography (compared to present 
earth-based telescopic results). A sequence of photos using 
different filters on Camera A at the time when the full disk 
fills the field of view (about 2 hours prior to periapsis) 
could provide the basis for a multispectral image of the Mars 
disk. At this distance (~35,000 km) and approach velocity 
( ~ 6  km/sec), the limb of the planet would be moving across 
the field of view of the constant attitude camera at the rate 
of ~3 scan lines/minute. There would be no apparent motion 
due to the approach velocity at the center of the vLsible 
disk. Maximum apparent motion due to the rotation of Mars 
would be at the rate of about 1 1/2 scan lines/minute at 
b i l e  ceriter UT t i i t :  visible d i s k  (di b i l e  ibiaras e q u a i o r j .  So 
long as the gictures with alternate f i l t e r  settings are taken 
over a period of time which is less than 1/3 minute, corresponding 
to a maximum displacement of one scan line, registration 
should be maintained between successive pictures. 

L 1  

IV. CONCLUSIONS 

Two additional opportunities f o r  data return from 
the 1969 Mariner flyby television experiment have been described. 
These are (a) the possible location of the moons of Mars in 
the far-encounter pictures, and (b) far-encounter photography 
using color filters to provide full disk multispectral imagery. 

(a) Proper orientation of the rectangular field of view 
of the vidicon tube in the high resolution camera increases 
the probability that the moons of Mars will be detected in 
the planned far-encounter photogaphic sequence of '69 Mariner 
flyby mission. The probability of detecting Phobos ranges from 
0 to about 15%; depending on t h e  vidicon orientation; a t  thp 
time when Mars fills the shor t  dimension of the field of view. 
At this time the moons would appear as spots of light against 
the dark sky background, being only 1 scan line wide. 

Obtaining full planet photographs of Mars showing 
both surface details and the moons would be a "first" and 
should have popular appeal. The scientific worth of photographing 
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t h e  moons a t  t h i s  r e s o l u t i o n  h a s  n o t  been a n a l y z e d .  The 
pho tographs  might  improve t h e  emphemeris da ta  f o r  t h e  moons, 
e s p e c i a l l y  if t a k e n  i n  c o n j u n c t i o n  w i t h  s i m u l t a n e o u s  ea r th -  
based photography.  N o  improvement i n  t h e  d i a m e t e r  es t imates  
c o u l d  be  made from t h i s  d i s t a n c e  u n l e s s  t h e  moons p r o v e  
u n e x p e c t e d l y  l a r g e .  

The Mar iner  h i g h  r e s o l u t i o n  camera d o e s  have  t h e  
c a p a b i l i t y  t o  p r o v i d e  s i g n i f i c a n t  da ta  on t h e  s i z e ,  shape ,  
and g e n e r a l  appea rance  o f  t h e  moons of Mars a t  a c l o s e r  r a n g e .  
A t  2 0 , 0 0 0  km t h e  h i g h  r e s o l u t i o n  camera woulcl have a b o u t  18 s c a n  
l i n e s  a c r o s s  Diemos and 35 s c a n  l i n e s  a c r o s s  Phobos.  The 
Mar ine r  s p a c e c r a f t  w i l l  p robably  g e t  a t  l e a s t  t h i s  c l o s e  t o  
t he  moons s i n c e  t h e  o r b i t a l  r a d i i  a re  9300 km for Phobos 
and 2 3 , 4 0 0  km for Diemos and t h e  s p a c e c r a f t  w i l l  f l y  by a b o u t  
6 4 0 0  km from t h e  c e n t e r  o f  Mars. It i s  a l s o  p o s s i b l e  t h a t  
s1ic.h h i g h  n ~ s o l  i.i.t?on p h g t c g r s ~ h g  ::rill detec t ;  s a t e l l i t e s  
of  Mars which have n o t  p r e v i o u s l y  been obse rved  from e a r t h .  
Pho tograph ing  t h e  moons a t  c l o s e  r a n g e  d u r i n g  t h e  e n c o u n t e r  
wouic r e q u i r e  d e v i a t i o n  from t h e  p l anned  e n c o u n t e r  p h o t o g r a p h i c  
m i  ssi on. 

( b )  While t h e  nominal  p l a n  f o r  f a r - e n c o u n t e r  photography 
i n c l u d e s  on ly  b l a c k  and w h i t e  imagery w i t h  t h e  nar row a n g l e  
camera,  t h e r e  a p p e a r s  t o  be c o n s i d e r a b l e  mer i t  i n  augmenting 
t h e  m i s s i o n  b y  ta .king a ser ies  o f  f u l l  p l a n e t  p i c t u r e s  w i t h  
t h e  wide a n g l e  camera so  t h a t  m u l t i s p e c t r a l  data  can  b e  o b t a i n e d .  
Such p i c t u r e s  would r e p r e s e n t  an improvement i n  r e s o l u t i o n  o v e r  
a v a i l a b l e  earth-based t e l e s c o p i c  data and would be g e n e r a l l y  
u s e f u l  i n  s t u d y i n g  t h e  g l o b a l  c o l o r  p r o p e r t i e s  o f  t h e  s u r f a c e  
and a tmosphere  of Mars. A s  t h e  c u r r e n t  camera sys tem i n c l u d e s  
o n l y  ar, orange  and g r e e n  f i l t e r ,  c o n s i d e r a t i o n  shou ld  be g i v e n  
t o  i n c l u d i n g  a b l u e  f i l t e r  t o  b e t t e r  o b s e r v e  t h e  p r o p e r t i e s  
o f  t h e  s o - c a l l e d  "b lue  haze . "  

I n  a d d i t i o n ,  it should  be p o s s j - b l e  t o  improve t h e  
data on t h e  Mars p o l a r  and e q u a t o r i a l  d i a m e t e r s .  T h i s  has been  
d i f f i c u l t  t o  do p h o t o g r a p h i c a l l y  f rom e a r t h .  T h i s  da ta  c o u l d  
b e  checked by t h e  f i g u r e s  for p l a n e t  r a d i u s  d e r i v e d  from t h e  

i n  m u l t i s p e c t r a l  imagery s i n c e  a s t r o n o m e r s  have obse rved  
d i f f e r e n t  r a d i i  t h r o u g h o u t  t h e  v i s i b l e  spec t rum.  The v a r i a t i o n s  
a re  p o s s i b l y d u e  t o  a tmosphe r i c  e f f e c t s  a t  Mars, b u t  r e s o l u t i o n  
has n o t  been s u f f i c i e n t  t o  demons t r a t e  t h i s  c o n c l u s i v e l y .  

occul  t.a.t,ion experiment r e s ? ? l t s .  The exper iment  is wol-th doing 

F i n a l l y ,  two p o i n t s  are wor th  n o t i n g .  One l e s s o n  
l e a r n e d  from Mar iner  I V  was t h a t  t h e  i n t e r p r e t a t i o n  o f  t h e  n e a r -  
e n c o u n t e r  p i c t u r e s  would have  been  aided by f a r - e n c o u n t e r  f u l l  
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p l a n e t  photography,  a l - e i t  a t  a lower  r e s o l u t i o n .  T h e r e f o r e ,  
i f  i t  i s  e x p e c t e d  t h a t  t h e  Mar iner  ' 6 9  n e a r - e n c o u n t e r  p i c t u r e s  
w i l l  c o n t a i n  m u l t i s p e c t r a l  i n f o r m a t i o n ,  i t  would seem l o g i c a l  
t o  p r o v i d e  f u l l  p l a n e t  m u l t i s p e c t r a l  p i c t u r e s  a t  t h e  b e s t  
p o s s i b l e  r e s o l u t i o n .  T h i s  would e n t a i l  modi fy ing  t h e  nominal  
m i s s i o n  p l a n  e i t h e r  t o  t ake  p i c t u r e s  w i t h  t h e  A camera (which  
has f i l t e r s )  abou t  2 h o u r s  b e f o r e  e n c c u n t e r ,  or t a k e  t h e  
p l anned  f a r - e n c o u n t e r  ( a b o u t  20 h o u r s  b e f o r e  e n c o u n t e r )  p i c t u r e s  
w i t h  c o l o r  f i l t e r s  added t o  t h e  B camera.  

Secondly ,  i t  i s  no ted  t h a t  f u l l  p l a n e t  m u l t i s p e c t r a l  
imagery of Mars canno t  be t a k e n  from o r b i t  d u r i n g  t h e  p roposed  
'71 m i s s i o n ,  as t h e  w i d e  a n g l e  camera o n l y  s u b t e n d s  a b o u t  
h a l f  a p l a n e t  diameter a t  a p o a p s i s . *  T h e r e f o r e ,  u n l e s s  photo-  
graphy i s  p o s s i b l e  d u r i n g  t h e  f a r - e n c o u n t e r  p o r t i o n  o f  t h e  
approach  t r a j e c t o r y  on t h e  '71 m i s s i o n  ( a t  a t i m e  when p r e p a r a t i o n s  
a re  b e i n g  made f o r  t h e  o r b i t  i n j e c t i o n  maneuver) ,  t h e  fa r -  
e n c o u n t e r  phase  o f  t h e  ' 6 9  f l y b y  c o u l d  be t h e  l a s t  o p p o r t u n i t y  
f o r  improved r e s o l u t i o n  f u l l  p l a n e t  m u l t i s p e c t r a l  imagery o f  
M s r s  for scme t i m e  tc come.  

G A B  
1 O 1 4 - p ~ ~ -  j a n  

WBT 

Attachment  
F i g u r e  1 

G .  A .  . 'Briggs 

P .  L .  ChandeyssEn 

! I  . , ,/;' 

W .  B .  Thompson 

*Nominal a p o a p s i s  a l t i t u d e  i s  1 7 , 0 0 0  km and t h e  wide a n g l e  
camera f i e l d  o f  view is 1l0 and 1 4 '  (same camera sys t em as  
M a r i n e r  6 9 ) .  
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